The essential oil isolated from Seseli montanum L. subsp. tommasinii Reich. f. was analyzed by GC/MS and the most abundant components were β-pinene (30.2%), germacrene D (10.1%), sabinene (8.0%), α-pinene (7.2%) and limonene (6.6%). The antimicrobial effect of the essential oil was evaluated against four bacterial and four fungal species among which were food contaminants, spoilage fungi, and plant, fungal and animal pathogens. The oil possessed moderate to strong antimicrobial activity.
The genus Seseli (family Apiaceae) comprises around 80 species distributed mainly in the flora of Europe [1] . In Montenegro, the genus is represented by 9 species [2, 3] . Seseli species have been used in folk medicine since ancient times [4] . Among these, S. tortuosum is used as an emmenagogue and stomachic in Turkish folk medicine [5] . The essential oils of Seseli species have been shown to have fungitoxic, insect-repellent, antimicrobial and analgesic activities [6] . The traditional use of Seseli species as an anti-inflammatory agent was supported by the results of Kupeli [7] .
The objective of this study was to investigate the chemical composition and antimicrobial activity of the essential oil from S. montanum subsp. tommasinii. Air-dried flowering parts yielded 0.09% of a yellow-green essential oil, from which 37 components were identified, accounting for 93.9% of the oil ( Table 1 ). The main components were β-pinene (30.2%), germacrene D (10.1%), sabinene (8.0%), α-pinene (7.2%) and limonene (6.6%). Earlier studies showed a great variation in the dominant components of Seseli essential oils. That from the aerial parts of S. rigidum contained α-pinene (48.5%), β-pinene (4.2%) and limonene (4.1%) as major components [8] . The essential oil of S. peucedanoides revealed 46 compounds, representing 96.3% of the oil, with α-pinene (69.4%), β-pinene (4.9%) and limonene (4.6%) as main compounds [9] . Essential oils of S. buchtormense obtained from various samples from the Altai region had as major compounds sabinene (17.7-25.1%), α-pinene (5.3-14.6%), (E)-nerolidol (5.5-11.6%) and β-phellandrene (2.5-7.0%) [10] . The principal compounds in the essential oil from the aerial parts of S. macrophyllum were p-cymene (27.2%), thymol (15.1%), carvacrol (12.2%) and pulegone (8.2%) [11] . Himachalol (16.4%) and sabinene (14.8%) were the major constituents of the essential oil of S. bocconi [12] , whereas those of the essential oil from aerial parts of S. anuum were germacrene D (29.8%), sabinene (10.3%), β-ocimene (9.8%) and limonene (8.6%) [13] , and those of the essential oil from fruits of S. globiferum were sabinene (53.1%), γ-terpinene (7.7%), α-pinene (7.2%) and β-phellandrene (5.0%) [14] .
The essential oil was tested for antimicrobial activity against four bacterial (Micrococcus flavus, Salmonella typhimurium, S. enteridis, Enterococcus faecalis) and four fungal (Aspergillus ochraceus, A. fumigatus, Penicillium ochrochloron, Trichoderma viride) species. The results are given in Tables 2 and 3 , respectively.
Bacteria were more sensitive than fungi to the effect of the essential oil. The oil had a minimal inhibitory concentration (MIC) in the range of 1.6-30 μL/mL, and a minimal bactericidal concentration (MBC) in the range of 3.1-75 μL/mL. In all cases, the essential oil was more effective than streptomycin. The most sensitive species was Salmonella typhimurium (MIC=1.6 μL/mL, MBC= 3.1 μL/mL), while the most resistant was Micrococcus flavus (MIC=25 μL/mL, MBC=75 μL/mL) ( Table 2 ). It should be noticed that in a study of the antimicrobial NPC Natural Product Communications 2011 Vol. 6 No. 2 263 -266 activity of methanolic extracts of S. libanotis, using a diskdiffusion method, antibacterial activity against S. typhimurium was not detected. Also, lower bacteriostatic activity was recorded for these extracts against 29 out of the 52 species than the essential oil of S. montanum subsp.
tommasinii [15] . The volatile compounds from the fruits of S. libanotis, wild-growing in Poland, showed better antibacterial activity against Gram-positive bacteria (MICs between 0.15 to 1.25 mg/mL) when compared with Gramnegative bacteria (MICs between 1.25 to 2.5 mg/mL) [16] . Screening of antimicrobial activity using a disk-diffusion method showed that the n-hexane extracts of the aerial parts of S. resinosum and S. hartvigii, and also the essential oil from aerial parts of S. gummiferum subsp. gummiferum have potent antimicrobial activity against Staphylococcus aureus [6] .
The oil from aerial parts of S. montanum subsp. tommasinii possessed antifungal activity with a minimal inhibitory concentration (MIC) of 25 μL/mL, and a minimal fungicidal concentration (MFC) in the range of 50-100 μL/mL. The commercial preparation of fungicidal agent containing 1% (w/v) bifonazole in EtOH, showed MICs in the range of 100-150 μL/mL. The essential oil showed moderate antifungal activity against the tested fungi, being similar against all, but in the case of A. fumigatus and T. viride, the activity was better than that of bifonazole (Table 3 ). In the case of A. fumigatus, which is a very common and invasive pathogen, the tested oil showed much better activity than the commercial antimycotic agent, which is important due to the rising problem of fungal resistance to antifungal agents. In our previous studies on antimicrobial activity of Seseli species, using the essential oils obtained from fruits of S. globiferum [14] , flowers of S. rigidum [8] and aerial parts of S. anuum [13] , we found differences in their activity. The essential oil from fruits of S. globiferum had the best antimicrobial activity with MICs and MFCs in the range 0.5-50 μL/mL. In the present study, the essential oil from aerial parts of S. montanum subsp. tommasinii had better antifungal activity than that from the aerial parts of S. anuum. In the case of P. ochrochloron and T. viride this activity was twice that of S. anuum oil. On the other hand, the essential oil from S. rigidum had better antifungal activity than that of S. montanum subsp. tommasinii against A. fumigatus and P. ochrochloron.
Experimental
Plant material: Herbal material was collected in autumn 2009 at Gorica Hill (Podgorica city area); herbarium specimens were deposited at the Herbarium of the Faculty of Sciences (TGU), University of Montenegro (voucher code P167/09). Essential oil was obtained by hydrodistillation of air-dried aerial parts (250 g) in a Clevenger-type glass apparatus; yield of oil 260 μL of oil (0. 09 %).
Gas chromatography-mass spectrometry: GC analysis was performed on an Agilent 7890A GC system equipped with 5975 MSD and FID, using a DB-5 MS column (30 m x 0.25 mm x 0.25 μm). Injection volume was 1 μL and injector temperature was 220˚C with a 150:1 split ratio. Carrier gas (He) flow rate was 1.0 mL/min at 210˚C (constant pressure mode). Column temperature was linearly programmed in the range of 60-285˚C at a rate of 3˚C/min and held at 285˚C for 10 min. The transfer line was heated at 240˚C. The FID detector temperature was 300˚C. EI mass spectra (70 eV) were acquired in the m/z range 30-550. A mass spectral library search was performed using NIST AMDIS (Automated Mass Spectral Deconvolution and Identification System) software, version 2.64, using retention index (RI) calibration data analysis parameters with a 'strong' level and 10% penalty for compounds without an RI. The retention indices were experimentally determined using the standard method involving retention times of n-alkanes, injected after the essential oil under the same chromatographic conditions. The search was performed against our own library containing 4972 spectra, and confirmed by the retention time lock (RTL) method and RTL Adams data base containing 2205 spectra. The percentage (relative) of the identified compounds was computed from the GC-FID peak area [17] . [18] .
Bioassays

Microorganisms and culture conditions:
Microdilution method:
In order to investigate antimicrobial activity of the isolated essential oils, the modified microdilution technique was used [19, 20] . Bacterial species were cultured overnight at 37˚C in LB medium. The fungal spores were washed from the surface of agar plates with sterile 0.85% saline containing 0.1% Tween 80 (v/v). The fungal and bacterial cell suspensions were adjusted with sterile saline to a concentration of approximately 1.0 x 10 5 in a final volume of 100 μL per well. The inocula were stored at + 4˚C for further use. Dilutions of the inocula were cultured on solid MH for bacteria and solid MA for fungi to verify the absence of contamination and to check the validity of the inoculum. Minimum inhibitory concentration (MICs) determination was performed by a serial dilution technique using 96-well microtitre plates. The investigated essential oil was added in Luria broth medium (bacteria)/ malt broth medium (fungi) with inoculum. The microplates were incubated for either 24 h and 48 h at 37˚C for bacteria, or 5 days at 25˚C for fungi, respectively. The lowest concentrations without visible growth (using a binocular microscope) were defined as MICs. The minimum bactericidal (MBCs) and minimum fungicidal concentrations (MFCs) were determined by serial sub-cultivation of 2 μL into microtitre plates containing 100 μL of broth per well and further incubation for either 24 h and 48 h at 37˚C or 72 h at 25˚C, respectively. The lowest concentration with no visible growth was defined as MBC/MFC, respectively, indicating 99.5% killing of the original inoculum. Each experiment was repeated in triplicate. Streptomycin and bifonazole were used as positive controls (0.1-2 mg mL -1 ).
